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Magnesium chlorideAbstract A simple, mild, highly efficient and transition metal-free protocol for synthesis of ynones
in an ionic liquid is described. In this approach, the coupling reaction of different acid chlorides
with terminal alkynes was efficiently carried out using 0.05 mol% MgCl2 in the presence of triethy-
lamine in [bmim]Br at room temperature to afford the corresponding ynones in good to excellent
yields. This method is highly efficient for various acid chlorides and alkynes including aliphatic, aro-
matic, and heteroaromatic substrates bearing different functional groups. The influence of some
parameters in this reaction including type of ionic liquid, base and catalyst has been discussed.
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Ynones (a,b-acetylenic ketones) have received considerable
interest due to their widespread occurrence in natural prod-
ucts, bioactive molecules and pharmaceuticals [1–3]. The
bifunctional electrophilic nature of ynones has led to their
extensive utilization in organic and medicinal chemistry.
Ynones are known as reactive Michael acceptors and hence,
they often serve as beneficial three-carbon building blocks
for the synthesis of diverse heterocycles [1,4–7]. Since the enor-
mous practical applications found for ynones, many syntheticapproaches were developed to afford a plenty of ynones [1]. To
this end, the classical methods to access ynones involve
palladium-catalyzed carbonylative Sonogashira coupling of
aryl bromides with terminal alkynes or the metalated deriva-
tives [8–11], direct oxidative nucleophilic addition of an alde-
hyde to a metal acetylide [12,13] or alkyne [14], oxidation of
the propargylic alcohol derivatives [15,16], a-oxidation of an
alkyne [17,18], and the palladium-catalyzed coupling reaction
of carboxylic acids with terminal alkynes or metal acetylides
[19–23]. Recently, the addition of terminal alkynes or meta-
lated derivatives to nitriles [24,25], gold catalyzed dehydro-
genative Meyer–Schuster-like rearrangement of propargylic
pivalates [26], and palladium-catalyzed carbonylative Sono-
gashira coupling of aryl bromides via tert-butyl isocyanide
insertion [27] have also been reported to produce ynones. Up
to now, among different approaches established so far to
access ynones, the palladium catalyzed coupling of terminal
alkynes with acid chlorides has been extensively used due to
protocol’s diversity, wide functional group tolerance, mildid route
2 M.N. Soltani Radconditions, and high yields [28–30]. However, the uses of
expensive palladium catalysts, the difficulties in purification,
and separation of the metal–ligand complexes from the main
products, have restricted the applicability of this approach.
Therefore, developing an efficient and convenient palladium-
free protocol for readily achieving the ynones is of great signif-
icance. To this end, the use of metal salts such as Cu(I) [31,32]
and Zn(II) [33] salts has been reported to achieve the coupling
reaction of alkynes with acid chlorides. The reaction of diverse
alkynyl organometallic reagents with acid chlorides has also
been developed as an alternative method for production of
ynones [1]. Recently, Taylor and Bolshan developed the syn-
thesis of ynones from acid chlorides and potassium alkynyltri-
fluoroborate salts in the presence of BCl3 [34]. Feng and
coworkers reported the decarboxylative alkynylation of
a-keto acids for synthesis of ynones under transition metal-
free conditions [35]. Although procedures utilizing the alkynyl
organometallic reagents achieve the ynones in satisfactory
yields; however, the preparation of the starting substrates is
often expensive and cumbersome. Moreover, Cu(I) salts cat-
alyzed alkyne-alkyne homocoupling side reaction results in
lower yields of the desired ynone. Hence, there is a substantial
need for establishing a convenient, practical, and efficient pro-
tocol for synthesis of ynones.
Ionic liquids (ILs) have unique properties such as low vapor
pressure, high thermal stability, extreme of polarity, ability to
dissolve a wide range of materials, non-flammability, non-
corrosivity, and recyclability. Due to their green credentials,
ionic liquids proved to be an excellent environmentally benign
reaction media to substitute the toxic and hazardous solvents
in organic reactions [36]. Up to now, the structurally diverse
ionic liquids have been extensively employed in different organic
reactions [37]. As an instance, the synthesis of ynones via
palladium-catalyzed carbonylative Sonogashira couplingof aryl
bromides with terminal alkynes has been reported in room tem-
perature ionic liquids (RTILs) [38,39]. In this connection, the
direct transition metal-free coupling of terminal alkynes with
acid chlorides in ionic liquid would be a highly advantageous
strategy. However, to the best of our knowledge, there has been
no report yet on this attractive approach. Hereby, we would like
to report a very mild, environmentally benign, cheap and highly
efficient synthetic methodology for gaining ynones through the
transition metal-free coupling of acid chlorides with terminal
alkynes using MgCl2 in the presence of triethylamine (TEA) in
[bmim]Br at room temperature (Scheme 1).
2. Experimental
2.1. General
All chemicals were purchased from either Fluka or Merck.
Solvents were purified and stored over 3 A˚ molecular sieves.TEA, MgCl2 (0.05 mol%)
[bmim]Br, r.t., 0.5-1 h
R'
R, R'= alkyl, aryl
R
O
R'
R
O
Cl
NN Br[bmim]Br:
1 2 3
Scheme 1 Coupling of acid chlorides with terminal alkynes using
MgCl2 in [bmim]Br.
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gel plates. Column chromatography was performed on silica
gel 60 (0.063–0.200 mm, 70–230 mesh; ASTM). Melting points
were measured using Electrothermal IA 9000 melting point
apparatus in open capillary tubes and are uncorrected.
Elemental analyses were performed on a Perkin-Elmer 240-B
micro-analyzer. IR spectra were obtained using a Shimadzu
FT-IR-8300 spectrophotometer. 1H- and 13C-NMR spectrum
was recorded on Bru¨ker Avance-DPX-250 spectrometer oper-
ating at 250/62.5, respectively. Chemical shifts are given in d
relative to tetramethylsilane (TMS) as an internal standard,
coupling constants J are given in Hz. Abbreviations used for
1H NMR signals are: s = singlet, d = doublet, t = triplet,
q = quartet, m = multiplet, br = broad and etc. GC/MS
was performed on a Shimadzu GC/MS-QP 1000-EX appara-
tus (m/z; rel.%). High resolution mass spectra (HRMS) were
obtained on a Jeol JMS 700 high resolution mass spectrometer.
2.2. Synthesis of Ynones (3a–3p)
To a round bottom flask (50 mL), was added a mixture of acid
chloride (10 mmol), alkyne (12 mmol), TEA (12 mmol), and
anhydrous MgCl2 (0.5 mmol, 0.05 mol%) in [bmim]Br
(10 mL). The reaction mixture was stirred at room temperature
for the appropriate time (Table 4). The mixture was then
diluted with water (150 mL) and extracted with CHCl3
(2  50 mL). The organic layer was separated, dried (Na2SO4)
and evaporated in vacuo. The crude product was purified by
short column chromatography on silica gel eluting with a mix-
ture of hexane/AcOEt.
2.2.1. 1,3-Diphenylprop-2-yn-1-one (3a)
Column chromatography (Hexane/AcOEt, 15:1) yielded 1.93 g
(94%). Yellow liquid. IR (film): 2195 (C„C), 1648 (C‚O).
1H-NMR (CDCl3, 250 MHz): 8.20 (d, J= 8.1, 2 H); 7.78
(d, J= 8.1, 2 H); 7.70–7.49 (m, 6 H). 13C-NMR (CDCl3,
62.5 MHz): 176.1; 136.7; 133.9; 132.4; 130.8; 129.5; 128.9;
128.2; 119.6; 93.1; 87.2. MS: 206 (16.1, M+). Anal. calc. for
C15H10O: C 87.36, H 4.89; found: C 87.30, H 4.96. HRMS
(EI+): m/z [M]+ calcd for C15H10O: 206.0732; found:
206.0731.
2.2.2. 3-(4-Methoxyphenyl)-1-phenylprop-2-yn-1-one (3b)
Column chromatography (Hexane/AcOEt, 15:1) yielded 2.17 g
(92%). White solid. M.p. 68–70 C. IR (KBr): 2198 (C„C),
1644 (C‚O). 1H-NMR (CDCl3, 250 MHz): 8.15 (d, J= 8.2,
2 H); 7.68–7.50 (m, 5 H); 6.97 (d, J= 8.2, 2 H); 3.85 (s, 3
H). 13C-NMR (CDCl3, 62.5 MHz): 177.4; 161.0; 137.5;
134.5; 133.2; 130.1; 128.0; 115.1; 113.8; 97.9; 88.3; 54.1. MS:
236 (17.8, M+). Anal. calc. for C16H12O2: C 81.34, H 5.12;
found: C 81.45, H 5.24. HRMS (EI+): m/z [M]+ calcd for
C16H12O2: 236.0837; found: 236.0837.
2.2.3. 3-(4-Nitrophenyl)-1-phenylprop-2-yn-1-one (3c)
Column chromatography (Hexane/AcOEt, 15:1) yielded 2.38 g
(95%). Orange solid. M.p. 147–149 C. IR (KBr): 2201
(C„C), 1647 (C‚O). 1H-NMR (CDCl3, 250 MHz): 8.29
(d, J= 8.0, 2 H); 8.17 (d, J= 8.0, 2 H); 7.90 (d, J= 8.0, 2
H); 7.70–7.53 (m, 3 H). 13C-NMR (CDCl3, 62.5 MHz):
178.1; 149.8; 137.9; 135.0; 133.1; 128.9; 128.6; 126.9; 124.0;free coupling of acid chlorides with terminal alkynes in [bmim]Br: A rapid route
.doi.org/10.1016/j.jscs.2016.06.001
Metal-free protocol for synthesis of ynones 389.6; 88.2. MS: 251 (15.6, M+). Anal. calc. for C15H9NO3: C
71.71, H 3.61, N 5.58; found: C 71.85, H 3.69, N 5.50. HRMS
(EI+): m/z [M]+ calcd for C15H9NO3: 251.0582; found:
251.0584.
2.2.4. 1-(4-Methoxyphenyl)-3-phenylprop-2-yn-1-one (3d)
Column chromatography (Hexane/AcOEt, 15:1) yielded 2.19 g
(93%). Pale-yellow solid. M.p. 100–102 C. IR (KBr): 2198
(C„C), 1650 (C‚O). 1H-NMR (CDCl3, 250 MHz): 8.10 (d,
J= 8.1, 2 H); 7.93 (d, J= 8.1, 2 H); 7.50–7.37 (m, 3 H);
7.01 (d, J= 8.1, 2 H); 3.91 (s, 3 H). 13C-NMR (CDCl3,
62.5 MHz): 174.9; 164.0; 132.7; 131.2; 129.0; 128.0; 127.1;
119.6; 113.5; 91.8; 87.1; 53.6. MS: 236 (14.3, M+). Anal. calc.
for C16H12O2: C 81.34, H 5.12; found: C 81.42, H 5.19. HRMS
(EI+): m/z [M]+ calcd for C16H12O2: 236.0837; found:
236.0838.
2.2.5. 3-(4-Methoxyphenyl)-1-o-tolylprop-2-yn-1-one (3e)
Column chromatography (Hexane/AcOEt, 15:1) yielded 2.10 g
(84%). Yellow liquid. IR (film): 2193 (C„C), 1638 (C‚O).
1H-NMR (CDCl3, 250 MHz): 8.32 (d, J= 8.3, 2 H); 7.89–
7.57 (m, 4 H); 7.09 (d, J= 8.3, 2 H); 3.95 (s, 3 H); 2.84 (s, 3
H). 13C-NMR (CDCl3, 62.5 MHz): 177.9; 162.3; 141.5;
135.8; 134.0; 133.1; 132.3; 131.6; 129.1; 126.2; 115.0; 97.4;
88.7; 56.7; 22.4. MS: 250 (15.8, M+). Anal. calc. for
C17H14O2: C 81.58, H 5.64; found: C 81.47, H 5.73. HRMS
(EI+): m/z [M]+ calcd for C17H14O2: 250.0994; found:
250.0993.
2.2.6. 1-o-Tolyl-3-(4-(trifluoromethyl)phenyl)prop-2-yn-1-one
(3f)
Column chromatography (Hexane/AcOEt, 15:1) yielded 2.50 g
(87%). colorless solid. M.p. 71–73 C. IR (KBr): 2187 (C„C),
1649 (C‚O). 1H-NMR (CDCl3, 250 MHz): 8.23 (d, J= 7.9, 2
H); 7.81 (d, J= 7.9, 2 H); 7.48–7.31 (m, 4 H); 2.81 (s, 3 H).
13C-NMR (CDCl3, 62.5 MHz): 178.5; 141.9; 135.9; 134.1;
133.0; 132.6; 132.0; 131.4; 126.2; 125.5; 124.1; 121.3; 92.0;
88.3; 22.5. MS: 288 (12.5, M+). Anal. calc. for C17H11F3O:
C 70.83, H 3.85; found: C 70.91, H 3.96. HRMS (EI+): m/z
[M]+ calcd for C17H11F3O: 288.0762; found: 288.0764.
2.2.7. 1-o-Tolylhept-2-yn-1-one (3g)
Column chromatography (Hexane/AcOEt, 20:1) yielded 1.64 g
(82%). Pale-yellow liquid. IR (film): 2195 (C„C), 1644
(C‚O). 1H-NMR (CDCl3, 250 MHz): 7.50–7.35 (m, 4 H);
2.76 (s, 3 H); 2.50 (t, J= 7.2, 2 H); 1.89–1.72 (m, 4 H); 1.02
(t, J= 7.2, 3 H). 13C-NMR (CDCl3, 62.5 MHz): 178.0;
142.1; 135.8; 132.5; 132.0; 130.8; 125.1; 95.6; 80.7; 30.2; 22.7;
21.1; 18.5; 14.1. MS: 200 (11.8, M+). Anal. calc. for
C14H16O: C 83.96, H 8.05; found: C 83.83, H 8.17. HRMS
(EI+): m/z [M]+ calcd for C14H16O: 200.1202; found:
200.1201.
2.2.8. 1-(4-Chlorophenyl)-3-(4-methoxyphenyl)prop-2-yn-1-
one (3h)
Column chromatography (Hexane/AcOEt, 15:1) yielded 2.43 g
(90%). Colorless solid. M.p. 117–119 C. IR (KBr): 2198
(C„C), 1640 (C‚O). 1H-NMR (CDCl3, 250 MHz): 8.11 (d,
J= 8.2, 2 H); 7.90 (d, J= 8.0, 2 H); 7.68 (d, J= 8.2, 2 H);
7.37 (d, J= 8.0, 2 H); 3.94 (s, 3 H). 13C-NMR (CDCl3,Please cite this article in press as: M.N. Soltani Rad, Highly eﬃcient transition metal-
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115.7; 112.8; 96.1; 87.9; 56.4. MS: 270 (19.5, M+). Anal. calc.
for C16H11ClO2: C 70.99, H 4.10; found: C 71.12, H 4.14.
HRMS (EI+): m/z [M]+ calcd for C16H11ClO2: 270.0448;
found: 270.0448.
2.2.9. 1-(4-Chlorophenyl)non-2-yn-1-one (3i)
Column chromatography (Hexane/AcOEt, 20:1) yielded 2.18 g
(88%). Colorless oil. IR (film): 2200 (C„C), 1635 (C‚O). 1H-
NMR (CDCl3, 250 MHz): 8.07 (d, J= 8.0, 2 H); 7.62 (d,
J= 8.0, 2 H); 2.64 (t, J= 7.4, 2 H); 1.70–1.49 (m, 8 H);
0.95 (t, J= 7.4, 3 H). 13C-NMR (CDCl3, 62.5 MHz): 178.1;
142.6; 136.2; 130.4; 129.1; 98.3; 80.2; 32.3; 29.0; 27.9; 23.6;
20.5; 14.8. MS: 248 (22.7, M+). Anal. calc. for C15H17ClO:
C 72.43, H 6.89; found: C 72.52, H 6.97. HRMS (EI+): m/z
[M]+ calcd for C15H17ClO: 248.0968; found: 248.0969.
2.2.10. 3-Phenyl-1-(thiophen-2-yl)prop-2-yn-1-one (3j)
Column chromatography (Hexane/AcOEt, 15:1) yielded 1.93 g
(91%). Brown solid. M.p. 56–58 C. IR (KBr): 2190 (C„C),
1648 (C‚O). 1H-NMR (CDCl3, 250 MHz): 7.82–7.71 (m, 3
H); 7.56–7.45 (m, 3 H); 7.28–7.19 (m, 2 H). 13C-NMR (CDCl3,
62.5 MHz): 170.1; 145.2; 136.4; 134.7; 132.3; 130.0; 128.9;
128.1; 121.6; 97.5; 88.7. MS: 212 (12.1, M+). Anal. calc. for
C13H8OS: C 73.56, H 3.80; found: C 73.68, H 3.89. HRMS
(EI+): m/z [M]+ calcd for C13H8OS: 212.0296; found:
212.0295
2.2.11. 1-(4-Nitrophenyl)-3-phenylprop-2-yn-1-one (3k)
Column chromatography (Hexane/AcOEt, 9:1) yielded 2.41 g
(96%). Yellow solid. M.p. 150–152 C. IR (KBr): 2195
(C„C), 1643 (C‚O). 1H-NMR (CDCl3, 250 MHz): 8.18 (d,
J= 8.2, 2 H); 7.79 (d, J= 8.2, 2 H); 7.61–7.50 (m, 5 H).
13C-NMR (CDCl3, 62.5 MHz): 176.2; 151.8; 140.3; 134.0;
131.9; 130.5; 129.3; 123.8; 121.0; 98.1; 86.8. MS: 251 (18.4,
M+). Anal. calc. for C15H9NO3: C 71.71, H 3.61, N 5.58;
found: C 71.84, H 3.69, N 5.71. HRMS (EI+): m/z [M]+ calcd
for C15H9NO3: 251.0582; found: 251.0581.
2.2.12. 3-Phenyl-1-(pyridin-3-yl)prop-2-yn-1-one (3l)
Column chromatography (Hexane/AcOEt, 12:1) yielded 1.92 g
(93%). Pale-brown solid. M.p. 72–74 C. IR (KBr): 2200
(C„C), 1650 (C‚O). 1H-NMR (CDCl3, 250 MHz): 8.69–
8.50 (m, 2 H); 8.37–8.21 (m, 2 H); 7.67–7.52 (m, 5 H). 13C-
NMR (CDCl3, 62.5 MHz): 177.9; 155.4; 152.6; 136.8; 134.0;
132.9; 131.7; 129.5; 124.1; 120.8; 98.2; 87.0. MS: 207 (18.3,
M+). Anal. calc. for C14H9NO: C 81.14, H 4.38, N 6.76;
found: C 81.25, H 4.47, N 6.65. HRMS (EI+): m/z [M]+ calcd
for C14H9NO: 207.0684; found: 207.0684.
2.2.13. 1-(Pyridin-3-yl)hept-2-yn-1-one (3m)
Column chromatography (Hexane/AcOEt, 12:1) yielded 1.66 g
(89%). Orange oil. IR (film): 2203 (C„C), 1647 (C‚O). 1H-
NMR (CDCl3, 250 MHz): 8.51 (s, 1 H); 7.74–7.56 (m, 3 H);
2.63 (t, J= 7.2, 2 H); 1.68–1.55 (m, 4 H); 1.02 (t, J= 7.2, 3
H). 13C-NMR (CDCl3, 62.5 MHz): 178.0; 155.8; 152.0;
137.4; 132.9; 124.3; 98.6; 80.1; 31.3; 22.8; 20.9; 15.1. MS: 187
(13.8, M+). Anal. calc. for C12H13NO: C 76.98, H 7.00, N
7.48; found: C 77.09, H 7.12, N 7.56. HRMS (EI+): m/z
[M]+ calcd for C12H13NO: 187.0997; found: 187.0998.free coupling of acid chlorides with terminal alkynes in [bmim]Br: A rapid route
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4 M.N. Soltani Rad2.2.14. 4-Phenylbut-3-yn-2-one (3n)
Column chromatography (Hexane/AcOEt, 20:1) yielded 1.23 g
(86%). Colorless liquid. IR (film): 2180 (C„C), 1639 (C‚O).
1H-NMR (CDCl3, 250 MHz): 7.71–7.59 (m, 2 H); 7.47–7.25
(m, 3 H); 2.58 (s, 3 H). 13C-NMR (CDCl3, 62.5 MHz):
183.1; 133.0; 130.9; 128.8; 121.6; 97.0; 87.3; 46.8. MS: 144
(9.7, M+). Anal. calc. for C10H8O: C 83.31, H 5.59; found:
C 83.46, H 5.68. HRMS (EI+): m/z [M]+ calcd for C10H8O:
144.0575; found: 144.0573.2.2.15. 1-Phenylhept-1-yn-3-one (3o)
Column chromatography (Hexane/AcOEt, 20:1) yielded 1.58 g
(85%). Yellow liquid. IR (film): 2184 (C„C), 1641 (C‚O).
1H-NMR (CDCl3, 250 MHz): 7.67–7.51 (m, 2 H); 7.40–7.32
(m, 3 H); 2.60 (t, J= 7.1, 2 H); 1.69–1.46 (m, 4 H); 0.92 (t,
J= 7.1, 3 H). 13C-NMR (CDCl3, 62.5 MHz): 182.6; 133.4;
131.5; 129.1; 120.9; 95.8; 87.5; 44.9; 29.6; 22.8; 14.3. MS: 186
(16.2, M+). Anal. calc. for C13H14O: C 83.83, H 7.58; found:
C 83.97, H 7.67. HRMS (EI+): m/z [M]+ calcd for
C13H14O: 186.1045; found: 186.1046.2.2.16. 1-Cyclohexyl-3-(2-methoxyphenyl)prop-2-yn-1-one
(3p)
Column chromatography (Hexane/AcOEt, 20:1) yielded 1.98 g
(82%). Yellow liquid. IR (film): 2190 (C„C), 1653 (C‚O).
1H-NMR (CDCl3, 250 MHz): 7.66 (d, J= 8.3, 2 H); 7.42 (d,
J= 8.3, 2 H); 3.89 (s, 3 H); 2.53–2.49 (m, 1 H); 1.97–1.84
(m, 4 H); 1.67–1.43 (m, 6 H). 13C-NMR (CDCl3, 62.5 MHz):
183.9; 162.1; 135.7; 133.0; 120.8; 112.1; 110.9; 97.8; 85.0;
56.9; 55.7; 29.0; 26.4; 25.8. MS: 242 (12.6, M+). Anal. calc.
for C16H18O2: C 79.31, H 7.49; found: C 79.45, H 7.40. HRMS
(EI+): m/z [M]+ calcd for C16H18O2: 242.1307; found:
242.1307.Table 1 The influence of various ILs on the model reaction.a
TEA
I
O
Cl
1a 2a
Entry IL
1 [emim]Br
2 [C3mim]Br
3 [bmim]Br
4 [C5mim]Br
5 [C6mim]Br
6 [C7mim]Br
7 [omim]Br
8 [bmim]Cl
9 [bmim]I
10 [bmim]BF4
11 [bmim]PF6
12 [bmim]OTf
a Benzoyl chloride (10 mmol), phenyl acetylene (12 mmol), TEA (12 m
b Isolated yield.
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The aqueous layer obtained from work-up procedure was
evaporated in vacuo on an oil bath to remain the crude
[bmim]Br in which was diluted and extracted from the dis-
solved salts using anhydrous DCM (10 mL). The solution
was filtered and evaporated to obtain the pure [bmim]Br which
was subsequently used for further reactions.
3. Results and Discussion
To determine the optimized reaction condition, the coupling
reaction of benzoyl chloride with phenyl acetylene was consid-
ered as a sample reaction. We commenced to find the optimiza-
tion condition by investigating the effect of different
imidazolium-based RTILs as the reaction media on sample
reaction (Table 1). As shown in Table 1, the length of alkyl side
chains on imidazolium core evidently affects the progress of
reaction [40,41]. In this regard, the best result was obtained
when C4mim salts, in particular [bmim]Br were utilized. Inter-
estingly, the enhancement of length in 1-alkyl residues from
ethyl to butyl improved the progress of reaction, whereas more
increase in alkyl length from butyl to octyl reduced the yields
of 1,3-diphenylprop-2-yn-1-one (3a) (Table 1, entries 1–7).
Heretofore, it was well understood that the physicochemical
properties of ionic liquids can be altered by choosing the differ-
ent alkyl residues and anions [40,41]. In this regard, the effects
of various anion conjugates with [bmim] cation were tested
(Table 1, entries 3, 8–12). Changing the bromide to chloride
and also iodide had a little effect on progress of reaction
(Table 1, entries 8, 9). In the same circumstances, the use of
[bmim] ILs involving fluorine anions like [bmim]BF4, [bmim]
PF6 and [bmim]OTf (Table 1, entries 10–12) showed
unchanged effects in rise of reaction compare to [bmim]Br., MgCl2
L , r.t.
O
3a
Time (min) Yield (%)b
70 64
60 67
45 94
45 87
55 83
70 81
90 79
55 90
50 91
60 92
60 92
60 91
mol), MgCl2 (0.05 mol%), IL (10 mL), room temperature.
free coupling of acid chlorides with terminal alkynes in [bmim]Br: A rapid route
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Metal-free protocol for synthesis of ynones 5However, they are too expensive to be applied in a scale-up
organic synthesis. Therefore, [bmim]Br was preferred and
employed for all subsequent reactions (Table 1, entry 3).
After identifying the proper solvent, we explored the influ-
ence of different organic and inorganic bases on a model sub-
strate (Table 2). Since the week nucleophilic nature of alkynes,
the use of an efficient base for enhancing the nucleophilicity
power of alkynes is crucial. As depicted in Table 2, TEA
proved to be the most efficient base for coupling of benzoyl
chloride with phenyl acetylene (entry 4). The use of K2CO3
and Cs2CO3 afforded the moderate yields of ynone 3a (Table 2,
entries 2, 3). DMAP and DABCO provided satisfactory yields
of 3a; however, longer times were needed for completion of the
reaction (Table 2, entries 5, 7). In addition, utilizing DBU also
afforded the satisfactory result (entry 6). However, TEA was
preferred to use because of its cheapness and also abundance.Table 2 The influence of various bases on the model reaction.a
bas
[bmi
O
Cl
1a 2a
Entry Base
1 KOH
2 K2CO3
3 Cs2CO3
4 TEA
5 DMAP
6 DBU
7 DABCO
a Benzoyl chloride (10 mmol), phenyl acetylene (12 mmol), base (12 mm
b Isolated yield.
Table 3 The influence of various Lewis acids on the model reactio
TEA,
[bmi
O
Cl
1a 2a
Entry Lewis acid mol%
1 – –
2 NiCl2 0.05
3 SnCl2 0.05
4 ZnCl2 0.05
5 AlCl3 0.05
6 LiCl 0.05
7 MgCl2 0.05
8 MgCl2 0.02
9 MgCl2 0.04
10 MgCl2 0.06
11 MgCl2 0.08
a Benzoyl chloride (10 mmol), phenyl acetylene (12 mmol), TEA (12 mm
b Isolated yield.
Please cite this article in press as: M.N. Soltani Rad, Highly eﬃcient transition metal-
to access ynones using MgCl2, Journal of Saudi Chemical Society (2016), http://dxAn appropriate Lewis acid or catalyst has undeniable role
in synthesis of ynone. In this connection, we evaluated the
potency and influence of diverse Lewis acids or catalysts except
that of palladium and copper salts on model substrates
(Table 3). As can be seen in Table 3, in the absence of the cat-
alyst, the reaction was hardly achieved, in which after 12 h
only yielded 19% of 3a (entry 1). Among the studied catalysts,
MgCl2 achieved the best result from both aspects of yield and
time (entry 7). The use of ZnCl2, AlCl3, and LiCl produced 3a
in 65–73% yields after 3 h (Table 3, entries 4–6). The satisfac-
tory yields were also obtained when NiCl2 and SnCl2 were also
employed (Table 3, entries 2, 3). In general, MgCl2 was
preferred Lewis acid in this protocol since it is a non-toxic,
environmentally compatible, cheap, easy to handle, and abun-
dantly available salt. After choosing MgCl2 as the best Lewis
acid, we focused our attention on indicating an appropriatee, MgCl2
m]Br , r.t.
O
3a
Time (min) Yield (%)b
300 15
120 43
120 48
45 94
60 85
45 91
60 86
ol), MgCl2 (0.05 mol%), [bmim]Br (10 mL), room temperature.
n.a
Lewis acid
m]Br , r.t.
O
3a
Time (min) Yield (%)b
720 19
60 90
60 88
180 65
180 69
180 73
45 94
90 68
60 83
45 94
45 95
ol), Lewis acid, [bmim]Br (10 mL), room temperature.
free coupling of acid chlorides with terminal alkynes in [bmim]Br: A rapid route
.doi.org/10.1016/j.jscs.2016.06.001
Table 4 The scope of protocol in coupling of different acid chlorides with alkynes.a
Entry Product Time (min) Yield (%)b
1
O 3a
45 94
2
O
O
3b
45 92
3
O
N+
O
O-3c
35 95
4
O
O
3d
45 93
5
O
O
3e
55 85
6
O F
F
F
3f
50 87
7
O 3g
50 82
8
O
O
Cl
3h
45 90
9
O
Cl
3i
50 88
10
O
S
3j
40 91
11
O
N+
O
-O
3k
30 96
12
O
N
3l
30 93
13
O
N
3m
30 89
14
O 3n
60 86
6 M.N. Soltani Rad
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Table 4 (continued)
Entry Product Time (min) Yield (%)b
15
O 3o
60 85
16
O
O
3p
60 82
a Acid chloride (10 mmol), alkyne (12 mmol), TEA (12 mmol), MgCl2 (0.05 mol%), [bmim]Br (10 mL), room temperature.
b Isolated yield.
Metal-free protocol for synthesis of ynones 7quantity for MgCl2 to progress the reaction, efficiently
(Table 3, entries 7–11). Applying 0.05 mol% of MgCl2
afforded the best result for 3a (entry 7). Interestingly, increas-
ing the amount of MgCl2 from 0.02% to 0.05 mol% enhanced
the progress of the model reaction, whereas the use of the
exceeded amounts more than 0.05% mol% had no distinguish-
able effect on a model substrate (Table 3, entries 10,11).
With the optimal reaction conditions in hand, we explored
the generality, versatility and applicability of this approach for
coupling of structurally diverse acid chlorides with different
alkynes (Table 4). As shown in Table 4, the chemistry works
well with acid chlorides and alkynes involving different func-
tionalities. The coupling reactions of different aromatic acid
chlorides with aromatic alkynes bearing either electron-
withdrawing or electron-donating functionalities were effi-
ciently achieved utilizing this method. The acid chlorides
involving heteroaromatic residues like thiophene and pyridine
derivatives were readily converted to corresponding ynones in
excellent yields (Table 4, entries 10, 12, and 13). Aliphatic acid
chlorides were also coupled with aromatic alkynes to afford
the corresponding products in good yields; however, in most
cases, longer reaction times were needed (Table 4, entries
14–16). In addition, satisfactory results were obtained by the
application of this protocol for coupling of aromatic acid chlo-
rides with aliphatic alkynes (Table 4, entries 7, 9).
4. Conclusions
In summary, we have developed a very mild, rapid, environ-
mentally benign and convenient protocol for synthesis of
ynones from acid chlorides and alkynes through a transition
metal free coupling of different acid chlorides with alkynes
utilizing MgCl2/TEA/[bmim]Br in good to excellent yields.
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